The Design Phase of DIAMOND, a 3rd generation light source facility, is currently in progress. Earlier studies of a similar storage ring had found a basic lattice structure with low emittance, good dynamic stability and the flexibility to operate in different modes. The lattice has been hrther developed to meet the evolving demands of the project, delivering very high brightness radiation over a wide photon energy range. Optimisation of the lattice properties, including those of the non-linear dynamics, is described in detail, together with other general characteristics of the storage ring.
OPTICAL STRUCTURE
Changes to the user requirements for straight length and approval of the key parameters for the storage ring have led to significant recent development in the lattice layout; details of the overall project are given in a separate paper [I] . In common with other 3rd-generation light source designs, the challenge is to satisfy the conflicting requirements of reaching low emittance (for high brightness output), whilst maintaining flexibility in the provision of ID straights, adequate dynamic aperture for injection and beam lifetime, an and economic overall circumference.
I . I Storage Ring Layout and Design
To satisfy user requirements, the present design comprises a double-bend achromatic structure which is detuned to give finite dispersion in the insertion device (ID) straight sections, resulting in a smaller natural emittance around 2 nm-rad. A 6-fold periodic structure has been chosen, with one each of two 8m long straights being used respectively for injection and RF, and 4 other 8m straights for long undulators (the 8m free space requirement is principally set by the requirement to fit in 3 CESR-type superconducting cavities [2] ). To provide the optimum betatron functions for other insertion devices and to restrict the overall circumference 5m free space is available in the other ID straights.
Two families of sextupoles at points of high dispersion within the pseudo-achromat perform most of the chromatic correction, with 4 additional families performing the remaining correction and correcting for non-linear effects [3] . Additional windings on these magnets will provide both slow orbit correction and skew quadrupole fields to control coupling effects, minimising the required circumference. Fast correction up to probably 100 Hz will be provided by 4 dedicated correctors adjacent to each ID straight. Significant effort has been made to minimise the amount of space required, resulting in an overall design circumference of 560.4 m.
The small target emittance is only readily achieved by the use of non-zero dispersion in the straights [3] , the emittance and small dispersion within the pseudoachromat necessitating strong sextupoles and their consequent limiting effects on the dynamic aperture. Phase advances between each family of sextupoles has been set to 5rd2 horizontally and x vertically to provide cancellation of non-linear kicks [3] , the long straights allowing some flexibility in setting the overall tune. The tune is presently set a little above the integer in both planes to avoid resistive-wall problems.
The linear optical hnctions are shown in Figure 1 , with working point shown in Figure 2 . The principal lattice parameters are given in Table 1 . 
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Vertical Momentum Acceptance
The small vertical apertures required in the ID straight sections for high brightness -as little as 7mm internally in the case of some 2m devices -can present a restriction on the momentum acceptance due to the motion from Touschek scattered particles being coupling into the vertical plane. Non-linear effects at these large amplitudes can give this halo of scattered particles a coupling much larger than that of the core of the beam. The actual halo coupling value must in general be estimated numerically via particle tracking [5] , and is sensitive to the exact arrangement of sextupoles. However, estimates have been made for the present lattice (Figure 4 ) which show that even with fill coupling in the scattered halo the resulting momentum acceptance from the vertical apertures are larger than those from dynamical, RF and horizontal horizontally and +1 Omm vertically in the long straights (p-function of 9.8m and 6.8m respectively), and a momentum acceptance of +4% (see below). Using the working point above, these dynamic apertures have been achieved to date, but further work is required to optimise these (see Figure 3) . . 12.
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Emittance Ratio and Coupling Correction
The specified brilliance values assume the achievement of 1% coupling of the natural emittance in the vertical plane. To ensure this the alignment tolerances of elements are specified as shown in Table 2 , and skew quadrupole fields will be available from the sextupole magnets to allow control of the coupling value. The calculation method is described in Ref. [6] . The emittance ratio from vertical dispersion and betatron coupling is shown in Table 3 .
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MULTI-PARTICLE EFFECTS

Beam Lifetime
Both Touschek and gas scattering effects will be significant in both the multibunch and single bunch operating modes, gas scattering becoming dominant in 2m short-period IDS at vacuum apertures less than *3.5mm. The sensitivity of the Touschek lifetime to impedance effects via the bunch length makes the lifetime complex to predict, and thus we have been conservative in specifying a momentum acceptance of 4%. The broadband impedance from r.f. cavities will arise primarily from the matching tapers, and is not yet known, therefore the lifetimes given in Table 4 are estimates based on an overall impedance of l.3Q and a representative possible complement of IDS, using ZAP [7] . 3rd-hamonic cavities are being considered as a possible method for increasing the lifetime via bunch lengthening. 
Instability Thresholds
Using the estimated impedance as above a ZAP calculation has been made of the threshold current for the onset of the microwave instability and this gives a threshold (without SPEAR scaling) of 13 mA/bunch. At the moment we are assuming an operating single bunch user requirement of around 10 mA. Longitudinal and transverse HOM thresholds are well beyond the highest DIAMOND operating current of 300mA; the calculations suggest that the choice of superconducting CESR cavities means that longitudinal instability feedback will not be needed and transverse feedback will only be necessary to counter resistive wall effects.
Fill Structure and Ion Effects
Hydrogen, Carbon Monoxide and Carbon Dioxide are the dominant residual gas species likely to be present in the storage ring; Helium, Methane, Water, Neon, Nitrogen, Oxygen and Argon may also be present in significant amounts, the isotopes of which may be trapped by the focusing effect of the passing bunch trains. The possibility of ion trapping has been estimated for these species [SI, showing that trapping can occur over a wide range of gap sizes and beam currents ( Figure 5 ).
However, above a gap size of 214 bunches trapping occurs for 5% of operating beam currents or less, and this is taken as a minimum operating gap size. .," r , , , , 
FUTURE PLANS
Further work is required to refine the sextupole scheme for on-and off-momentum particles with closed-orbit errors, and to develop the fast orbit control, injection, feedback and coupling control arrangements. Outlines for all of these systems will be made as part of the present ongoing design study.
